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ROSAT PSPC Observations of two Radio Galaxies
We observed 3C 220.3 and 3C 280 with the ROSAT PSPC during the AO1 pointed phase of the mission (Table 1 ). 3C 220.3 was undetected. 3C 280 gives 71 • 12 net counts (0.2 -1.9 keV). For absorption only by gas in our Galaxy, the PSPC spectrum fits a power law with 0.5 < a < 2.0 and a 1 keV flux density of 1.7 4-0.9 nJy. Some intrinsic absorption and a steeper power-law slope cannot be excluded, although there are sufficient counts in the low-energy channels to suggest that such absorption has a column density < 4 • 1021 atoms cm -2. A Raymond-Smith thermal spectral model also agrees with the data; for Galactic absorption only, any temperature >~ 0.4 keV is acceptable. A point source alone gives a poor fit to the X-ray radial profile of 3C 280. A thermal/3 model (e.g., Sarazin 1986) gives a good fit, but the fit is improved still further if the source is modeled with a combination of a point source and/3 model (Fig. 1) . The evidence for unresolved emission is suggestive, rather than compelling; moreover, the X-ray data do not distinguish between a thermal or a non-thermal origin for the possible unresolved component. However, the evidence for non-thermal X-rays from the nuclei of low-redshift radio galaxies e.g., Fabbiano et al. 1984; Worrall ~z Birkinshaw 1994) and radio-loud quasars e.g., Worrall et al. 1987 ) leads us to consider seriously the possibility that 3C 280 also emits non-thermal X-radiation from its radio core.
FiKure 1: Background-subtracted PSPC radial profile for 3C 280.
The best-fit model (upper curve), ! shown convolved with the PRF and background subtracted for comparison with the data, is a ! combination of an unresolved component (narrow curve) and a # model of core radius 65" for /3 --2/3 (broad curve). The dotted line shows the contribution of the model to the background annulus. 3. Radio Core-related X-rays in Quasars and Galaxies
In Figure 2 we compare the unresolved X-ray and core radio emissions for the two radio galaxies with those of radio-loud quasars which both have similar total (isotropie) power and were observed with the Einstein IPC (Wilkes et al. 1994 ). The luminosity-luminosity and flux-flux plots are similar because the sources lie in a relatively narrow band of redshift. The fraction, R, of 5 GHz flux density in the core component of the quasars has a bimodal distribution, in which core-dominated quasars with R > 0.5 (filled squares) can be clearly distinguished from lobe-dominated quasars (open squares). From Figure 2 we find:
(a.) A correlation between the core X-ray and radio emission in core-dominated quasars.
(b.) 3C 280 lies on an extrapolation of the correlation.
(c.) Lobe-dominated quasars have X-ray emission in excess of the correlation.
The inference from point (a), that the X-rays from core-dominated quasars are beamed, is supported by earlier work. Point (b) is most simply explained if the same core X-ray to radio relationship holds for radio galaxies as for core- log S5 ~ (rn3y)
FiNure 2: Core X-ray and radio flux densities for quasars (squares) matched in isotropic radio power with the radio galaxies 3C 220.3 and 3C 280. A line of slope unity (dotted) connects 3C 280 with the coredominated quasars (filled squares), but not the lobe dominated quasars (open squares). Luminosity-luminosity (left) and flux-flux (right) plots are both presented to show that common-distance spreading has only a minor influence on the luminosity-luminosity plot and is not responsible for the correlation. dominated quasars; this will be tested by ROSAT observations of other powerfltl radio galaxies. Point (c) suggests that lobe-dominated quasars contain an additional source of X-ray emission, possibly related to the nuclear X-ray emission in radio-quiet quasars. We infer that this compact X-ray component is obscured in radio galaxies, and dominated by beamed emission from the jet in core-dominated quasars. Further details of this work can be found in . This work was primarily funded by NASA grants NAG5-1706 and NAGS-1882.
